MexicoÕs Oportunidades program provides conditional cash transfers, nutrition education, health services, and fortified food supplements for the young children of poor families. We have documented the effects of the program on growth and reduction of anemia. To better understand the impact pathways and disentangle the relative effects on dietary intake of the food supplements compared with other program components, we analyzed data from a randomized effectiveness evaluation of the Oportunidades program in rural children aged 12-59 mo. All Oportunidades beneficiaries received the cash transfers and the health and education components, but some children did not consume the supplements. The childrenÕs diet was evaluated using a single 24-h recall. The impact was estimated using multiple linear regression models with community-level random effects. Comparisons were made among children who received all the benefits of No differences were found between the NSG and CG (P > 0.05). To conclude, the Oportunidades program had a positive impact on the diet of children. The effects of the program on dietary intake resulted from the food supplement and not from improvements in the home diet. Our findings are useful for identifying which program components contributed to the effects on the nutritional status of children.
Introduction
In 1997 the Mexican Federal government launched Progresa (currently called Oportunidades), a conditional cash transfer program with a strong nutrition component. At the time, the prevalence of stunted growth and micronutrient deficiencies in children was rather high, given MexicoÕs national income per capita. The national prevalence of stunting in children <5 y old in 1998-1999 was 21.5%, with great variations among socioeconomic groups (55.1% in the lowest vs. 5.2% in the highest socioeconomic decile) and between rural (37.1%) and urban areas (15.1%) (1) , reflecting the profound social inequities in Mexico. During the same period, the national prevalences of deficiencies of zinc (serum zinc <9.9 mmol/L), iron (percent transferrin saturation <16), and vitamin A (serum retinol <0.70 mmol/L) in children 6-24 mo of age were 34, 67, and 28%, respectively (2, 3) .
The aim of Oportunidades is to break the intergenerational cycle of poverty by using cash transfers, targeted to the poorest families, as incentives for investing in childrenÕs education, health, and nutrition. In addition to cash transfers, households with young children are provided with a fortified food supplement (Nutrisano) plus a basic primary health care package that includes nutrition education. Pregnant and breastfeeding mothers also receive a fortified food (Nutrivida). Nutrisano and Nutrivida were specifically designed to provide macronutrients and the micronutrients that were most deficient in the diet of lowincome Mexican women and children (4) .
Rigorous impact evaluation of Oportunidades has demonstrated program effects on child linear growth and anemia in rural areas (5) . The program components responsible for these effects, however, have not been identified. The better child nutritional status may result from improvement in the childÕs diet (either through the intake of fortified food and/or through better infant and young child feeding practices (improvements in the home diet) as a result of the cash transfers and nutrition education) or from reductions in morbidity (through the provision of better health care by the program and/or improvements in household hygiene and sanitation). A much better understanding of the impact pathways of conditional cash transfer programs is needed (6) . Identifying which program components contribute (or do not contribute) to specific effects is crucial for informing policy-makers about the components that should be maintained, improved, or eliminated in order to maximize the programÕs impact and cost-effectiveness.
The present study starts to fill this research gap by investigating the dietary impact pathway of Oportunidades in rural areas. The studyÕs first objective was to estimate the program impact on the overall dietary intake of energy, iron, zinc, and vitamin A in children 12-59 mo of age participating in the program. The second objective was to estimate to what extent the impact on dietary intake was due to the consumption of the programÕs fortified food supplement (Nutrisano) or to other changes in the home diet. For both objectives, we evaluated the impact of the program separately for the total population and evaluated if the childÕs age (12-23 vs. 24-59 mo) modified the programÕs impact.
Methods
The Oportunidades program and its evaluation design. A detailed description of the program and its evaluation design was published elsewhere (5, 7) . Briefly, Progresa (now called Oportunidades) began operating in 1997 in rural areas and was expanded to urban areas in 2002. Program coverage increased from 300,000 to ;6 million households from 1997 to date and spans all 31 states and the capital district. The objective of the Oportunidades program is to break the intergenerational transmission of poverty by investing in human capital formation. Oportunidades seeks to accomplish this through: 1) a cash transfer intended to improve the quantity and quality of food in the household; 2) a fortified food supplement (called Nutrisano) specifically designed to prevent or correct nutritional deficiencies in all children 6-23 mo and in children aged 2-4 y with a weight-for-age Z-score < 21 SD, and a food supplement for pregnant and lactating women (Nutrivida); 3) health and nutrition education, including the promotion of the adequate use of the fortified food supplements; and 4) access to primary health care (7) . The fortified food supplement was designed to be consumed as a porridge (8) . NutrisanoÕs recommended daily dose of 44 dry g provides 194 kcal and the daily recommended dietary allowance of zinc (10 mg), iron (10 mg), vitamin A [0.400 mg retinol equivalents (RE)], vitamin E (6 mg), vitamin C (40 mg), vitamin B-12 (0.7 mg), and folic acid (0.05 mg) (4).
A cluster, randomized effectiveness study was conducted in rural communities of 6 central Mexican states (Guerrero, Hidalgo, Puebla, Querétaro, San Luis Potosí, and Veracruz) to measure the programÕs impact on a wide set of outcomes ranging from household well-being to the nutrition and health status of program beneficiaries. Detailed descriptions of the studyÕs design were published elsewhere (4, 5) . Briefly, for this analysis, we used data from a cross-sectional study of children <5 y who resided in 448 rural communities randomly selected for the nutrition impact evaluation of the program. The baseline data for the study were obtained in August-September 1998, before the start of program implementation. After the baseline survey, one-half of the study communities were randomly assigned to receive the program [Oportunidades group (OG) 9 ] while the other one-half were assigned to the control group (CG). The survey used for the current evaluation was conducted in September-December 1999.
Sample and power. The number of children with available and complete information in the 1999 survey was 1601. Power estimations were made using SD values obtained from the baseline (1998) survey in the same communities: 416.1 kcal energy, 3.67 mg iron, 2.72 mg zinc, and 0.275 mg RE vitamin A. Assuming a power of 80%, a 1-tail significance level of 0.05 and a design effect of 1.4 to take into account the complex sample design from the original study, the differences that could be detected with this sample size were: 90 kcal for energy, 2.5 mg for iron, 2.5 mg zinc, and 0.100 mg RE vitamin A. The differences for iron, zinc, and vitamin A were equivalent to about one-quarter of the portion of the fortified food supplement distributed for daily intake, whereas the difference that could be detected for energy was equivalent to about one-half of the total portion size for daily intake.
Data collection. In both the 1998 and the 1999 surveys, data were collected on a wide variety of variables. Only the data used in the analyses are discussed here. At the household level, data were collected on housing characteristics, water and sanitation, household assets, and overcrowding.
The dietary intake of children <5 y was collected using a single 24-h recall questionnaire for every child, without repeated measures. Although insufficient to provide an estimate of usual intake for individual children (9) , the single 24-h recall is appropriate in this case, because the interest was to estimate average dietary intake of groups of children during the day prior to the dietary interview. Our expectation was that if in fact the program had improved the usual dietary intake, this would result in greater mean intakes on the day prior to the interview, because the 24-h recall questionnaire was applied on a randomly chosen day in each household. The mother or person responsible for feeding the child responded to the questionnaire. The data were collected by field workers who were extensively trained in administering the questionnaire, weighing food, taking food measurements with standardized instruments, and coding the resulting data. Mothers or those in charge of preparing food and feeding the child answered the questionnaire. In addition, mothers or caretakers were asked about the intake of micronutrient supplements (currently and in the 6 mo preceding the survey) and the childÕs morbidity in the past 2 wk (diarrhea and respiratory infections). Also, mothers of children <24 mo were asked about breastfeeding practices during the day prior to the visit.
Anthropometric measurements were obtained for all children. Weight was measured to the nearest 10 g with an electronic scale (model 1583; Tanita), length was measured to the nearest 1 mm with a locally made 1.3-m measuring board, and standing height was measured with a stadiometer with the capacity to measure up to 2 m with a precision of 1 mm (model E-1; DynaTop). Measurements were taken by trained staff from the Mexican National Institute of Public Health following procedures recommended by Lohman et al. (10) . Measurements among field workers were standardized following the method recommended by Habicht (11) .
The project was approved by the participants and the Ethics Committee of the National Institute of Public Health, Mexico. Written consent for participation was obtained from the mother or caretaker in each household.
Study variables. The dependent (or outcome) variables in the analysis were the childÕs daily intake of energy (kcal/d), iron (mg/d), zinc (mg/d), and vitamin A (mg RE/d). The quantity consumed of each food (including the fortified food Nutrisano supplement) was multiplied by its energy and nutrient content. We used food composition tables compiled and adapted for Mexico by the National Institute of Public Health, taking into account the edible fraction (12-16).
To address the first study objective (impact on overall dietary intake), we compared the group of children who lived in the communities assigned to receiving Oportunidades and who therefore received the benefits of the program (OG) with the group living in control communities that did not receive the benefits of the program (CG). For the second objective (contribution of the fortified food, Nutrisano, to dietary intake), we took advantage of the fact that not all children who received the benefits of Oportunidades consumed the supplement in the 24 h prior to the dietary recall questionnaire. The OG was therefore divided into 2 subgroups according to reported intake of the food supplement in the 24-h recall: children who had consumed the fortified food supplement (SG) and children who did not consume the fortified food supplement (NSG). The third exposure group was the CG.
A household wealth index was created using polychoric principal component analysis (17) . The variables used in the analysis included housing characteristics (floor, wall, and roofing materials), water and sanitation services, possession of household assets (radio, television, refrigerator, washing machine), and level of overcrowding (household with $3 persons/room). The first 2 components of the wealth index explained 57% of the total variance. The first component characterized well-being in terms of housing and sanitation, whereas the second component characterized well-being in terms of the ownership of household assets. The variables resulting from the first and second components were further categorized into tertiles, which were used in the regression models.
To evaluate the comparability of the study groups, child length-/ height-for-age Z-scores were also calculated using the 2006 WHO norms (18) . Stunting was defined as length-/height-for-age Z-score < 22 SD of the reference median.
Data analysis. Simple differences among the intervention groups (OG vs. CG and SG vs. NSG vs. CG) were tested using StudentÕs t tests for continuous variables and chi-square tests for proportions. Also, the differences in dietary intake between intervention groups at baseline (in 1998 before the operation of the program) were compared and tested using StudentÕs t test.
The program impact on dietary intake was estimated using multiple linear regression models. We used a separate model for each objective and each dietary intake variable (energy, iron, zinc, and vitamin A). To estimate the overall effect of Oportunidades on dietary intake (objective 1), the intakes of children exposed to the program (OG) were compared with those from the CG. To disentangle the relative contribution of the fortified food supplement alone compared with other potential home dietary improvements to the total dietary intake (objective 2), we tested the difference in dietary intake among the 3 groups (SG, CG, and NSG). Comparisons of the estimated group means were made using StudentÕs t tests. The expectation was that the program would improve the quality of the diet as measured by the intake of nutrients through 2 mechanisms: the intake of the fortified food supplement and the improvements due to higher intake of nutritious foods in the home diet. These expectations would mean that the SG would have higher nutrient intakes than the NSG and the CG.
The dietary variables were log-transformed to make them normally distributed. The models controlled for variables commonly considered determinants of energy and nutrient consumption in the literature: household wealth, type of family (nuclear vs. extended), child morbidity, age, sex, breastfeeding, and consumption of micronutrient supplements [other than fortified food (Nutrisano)]. The last variable was included only in models where the outcome variable was micronutrient intake. All models were adjusted to account for the cluster randomization of communities.
In addition to the main effect models, we estimated models including a treatment 3 age category interaction term to determine whether program impact differed by age category (12-23 vs. 24-59 mo). According to the program norms, children 24-59 mo of age were eligible to receive the food supplement (Nutrisano) only if their weight-for-age Z-score was < 21 SD. However, we found that during the early stages of the program (i.e., at the time this evaluation was conducted), the food supplement was poorly targeted among the older children. About 60% of the eligible children (i.e., with weight-for-age Z-score < 21) and ;40% of the noneligible children received food supplements. Therefore, analyses were conducted on all children, independent of their weight-forage status.
After fitting the statistical models, we estimated the adjusted total energy and nutrient intake and the differences between groups. All estimations were done in Stata (version 12). P values < 0.05 were considered significant for group comparisons and main effects, and P values < 0.10 were considered significant for interactions.
Results
A total of 2525 children aged 1-4 y were analyzed in the 1999 survey. There were 924 children (37%) with implausible or missing data who were excluded, leaving data from 1601 children in the analysis (Fig. 1) . Children included and those excluded from the analyses were compared for all variables included in Table  1 (data not shown). For most variables, no differences were documented (P > 0.05); however, the sample included in the analyses had a greater proportion of children who were ill with diarrhea during the 2 wk prior to the survey (16.6 vs. 7.5%; P = 0.01), a larger proportion was classified in the third socioeconomic tertile (better off) according to the first component of the principal components analysis (31 vs. 24.4%; P < 0.01), and a lower proportion of children were breast fed (57 vs. 70%; P < 0.01) and consumed the food supplement (9.2 vs. 12.9%; P < 0.01).
The overall group of children included in the analysis of the 1999 survey averaged 36 mo of age and ;50% of them were girls. Almost one-half of the children were stunted, 16% were ill with diarrhea, almost one-half of them had upper respiratory symptoms in the 2 wk prior to the survey, and 56% of children <2 y old were breastfed. About 80% of the households of children were classified as nuclear families (results not shown).
There were no significant differences between exposure groups (Oportunidades vs. control) for most characteristics; however, CG children were most likely to have diarrhea, lived in families with slightly lower socioeconomic status (based on the first component of the principal components analysis), and were less likely to consume micronutrient supplements (Table 1) . Only one-sixth of children (15.2% of children 12-23 mo and 16.2% of children 24-59 mo) in Oportunidades households were reported to have consumed the food supplement in the 24 h preceding the interview. Children 12-23 mo consumed an average of 66 dry g and children 24-59 mo consumed 44 g of the food supplement on the days that consumption was reported.
A comparison between the OG and CG showed no differences for most variables, with the exception of a greater prevalence of diarrhea and a lower intake of micronutrient supplements in the CG. Comparisons among the 3 study subgroups, SG, NSG, and CG, showed differences in the following variables: children in the CG had a greater prevalence of diarrhea than both the NSG (P < 0.001) and SG (P < 0.001) and children in the NSG had a greater prevalence than those in the SG (P < 0.05). Children in the CG were less likely to have consumed a micronutrient supplement over the last 6 mo and currently than children in both the SG and NSG (both P < 0.001) and the NSG was less likely to have consumed micronutrient supplements than the NS over the last 6 mo (P < 0.05) ( Table 1) . The SG had a lower percentage of children classified in the third tertile (best condition) of the first component of the well-being index compared with the NSG (P < 0.01) and a greater percentage in the first tertile (worst condition) than both the NSG and CG (both P < 0.05). Based on the second component of the well-being index (which characterized wellbeing in terms of personal household assets), the percentage of SG households falling in the first tertile was smaller than percentages in the NS and CG (both P < 0.01) ( Table 1 ).
An analysis of the baseline survey conducted in 1998 indicated that dietary intakes of children <5 y of age in the OG and CG were either not different or the differences were small. Differences were not significant for energy and iron daily intake. Difference in dietary intake between the OG and CG OG children consumed more iron, zinc, and vitamin A than CG children (all P < 0.05). However, no main effect of OG was observed for energy intake in the overall group, which included all ages. The differences between the OG and CG were greater in the younger children for energy, iron, and zinc intake (all P-interaction < 0.05). Children 12-23 mo of age in the OG consumed more energy, iron, and zinc than children of the CG (all P < 0.05), but differences were not significant for vitamin A. Although the differences between the OG and CG in the intakes were smaller in the older group, these differences were still higher in the OG for iron, zinc, and vitamin A (all P < 0.05) but not for energy (P > 0.10) ( Table 2) .
Difference in dietary intake among the 3 groups: beneficiaries of Oportunidades in either the SG or NSG and the CG Comparison of beneficiaries of Oportunidades in the SG and CG. The SG children had higher total intakes of energy, iron, zinc, and vitamin A than those in the CG (all P < 0.01) for the overall groups, including all ages. The differences between SG and CG were greater for the younger group for energy and the micronutrient intakes (all P-interaction < 0.05). Among children aged 12-23 mo, the SG had higher energy, iron, zinc, and vitamin A intakes than the CG (all P < 0.001). In children aged 24-59 mo, the difference in energy intake between the SG and CG was not significant, whereas differences in iron, zinc, and vitamin A intakes were all higher in the SG relative to the CG (all P < 0.001) ( Table 3) .
Comparison of beneficiaries of Oportunidades in the NSG and the CG. No differences were found in the intake of energy and key micronutrients (iron, zinc, and vitamin A) between the NSG and CG children. The lack of significant differences was observed in the overall group and for the age subgroups, except for zinc consumption among children 12-23 mo of age, which was greater in the NSG relative to the CG (P = 0.04) ( Table 3) .
Comparison of beneficiaries of Oportunidades in the SG and NSG. The SG children had higher total intakes of energy, iron, zinc, and vitamin A than the NSG children (all P < 0.01) for the overall group (Table 3 ). The differences between the SG and NSG were larger for the younger group for energy and the micronutrient intakes (all P-interaction < 0.05). The SG children aged 12-23 mo had higher energy, iron, zinc, and vitamin A intakes than the NSG children (all P < 0.01). Comparisons in children aged 24-59 mo showed that energy intake did not differ (P > 0.10), whereas the differences in iron, zinc, and vitamin A intakes were all higher in the SG than in the NSG children (P < 0.001) ( Table 3 ).
Discussion
Our results show that the Oportunidades program had a small positive overall impact on the dietary intake of 3 key micronutrients examined (iron, zinc, and vitamin A) in rural children aged 12-59 mo. These micronutrients are good markers of dietary quality and are usually deficient in the diets of low-income Mexican children (19, 20) .
We found that the dietary effects of the program were due to the intake of the fortified food supplement distributed by the program and not to other dietary improvements in the home diet. The SG had significantly higher intakes than the NSG and CG; moreover, the dietary intakes of the NSG and CG did not differ, indicating that in the absence of the fortified food supplement there were no other program effects on dietary intake. The improvement of dietary intake attributable to supplement consumption was biologically relevant. Compared with the CG and NSG, the contributions of the supplement to the total dietary intake of micronutrients in 24 h in the SG, expressed as percent of the average Mexican RDAs for children 1-8 y of age (21) , were 55 and 54% for iron, 145 and 143% for zinc, and 34 and 31% for vitamin A, respectively. In children between 12 and 23 mo, the supplement covered 25% of their energy needs (22) , whereas in older children energy intake in the SG did not differ from the CG and NSG (P > 0.10). The effects were greater in the younger age group (12-23 mo) in which undernutrition and micronutrient deficiencies were higher and therefore the potential effects on the nutritional status were greater (19) . The program had significant effects on energy intake, but only in children 12-23 mo. The positive effects on energy intake in younger but not in older children indicate a partial energy substitution and suggest that an energy deficit may be present in younger but not in older children. This finding is of great public health relevance, given the simultaneous problems of micronutrient deficiencies and overweight in Mexican children in this age group and suggests that Oportunidades does not seem to be causing excess energy intake in this population.
In addition, the intakes of the NSG did not differ from those of the CG, indicating that there were no improvements in the intake of energy and the key nutrients studied in children who received the benefits of the program but who did not consume the fortified food supplement.
In a previous publication that presented the results of this trial on nutritional outcomes (5), we showed positive impacts of the Oportundiades program on child growth and anemia levels; the findings in this article indicate that the pathway for these nutritional effects was at least partially the result of dietary improvements but due only to the intake of the fortified food supplement and not to other dietary changes in the home diet.
In general, we found lower means of energy and nutrient intakes in the study population relative to the DRIs. This is explained in part by an underestimation of the 24-h recall method. Some studies have documented an underestimation of up to 20% of energy intake when using the 24h-recall method (23) . In addition, a large proportion of the younger children were breast-fed and the contribution of breast milk was not measured and therefore not considered as part of the childrenÕs dietary intake.
Our results were derived using a cross-sectional design that was not adjusted for baseline values. However, the comparison of child dietary intake in Oportunidades and control communities at baseline showed no significant differences for energy and iron. Although significant differences were found for the intakes of zinc and vitamin A between intervention groups, the differences were small relative to the recommended dietary intakes (3.1 and 6.7% of DRI for zinc and vitamin A, respectively) and to the effects attributable to the food supplement intake (;4 and 22% of the effects of zinc and vitamin A, respectively). The evaluationÕs experimental design, together with the similar or small differences in dietary intake of the children studied during the baseline period, enables probabilistic inferences to be made about the associations found, particularly for energy, iron, and zinc (24) . These inferences are strengthened by the control for potential confounders (well-being condition, breastfeeding practices, vitamin supplement consumption, sex, and mobility) and the cluster randomized design of the evaluation study. For the comparison of the supplemented and nonsupplemented groups, we did not have an experimental design; neither we did have baseline measurements to assess the comparability between these study groups; however, we did not find differences in the comparisons among the key characteristics (height-for-age Z-scores and age) between these comparison groups, which suggests that the groups were comparable (Table 1) .
A limitation of this study is the loss of a considerable number of participants (37%) due to unreliable dietary data or missing data on one or more variables used in the analysis. This could lead to a potential selection bias and therefore a loss of external and internal validity. We assessed the differences between participants who were excluded and those who were included in the analysis. The characteristics that were significantly different between groups were socioeconomic status, morbidity, breastfeeding, and family type. It is not immediately clear to what extent and in what direction these differences might have biased our impact estimates; however, the possible risk of bias was minimized, because we controlled for all these variables in the regression models. Moreover, the proportion of children in the Oportunidades communities who consumed the fortified food supplement did not differ between children included (15.4%) and excluded (13.6%; P = 0.35) from the analyses.
The use of a single 24 h-recall questionnaire without repeated measures could also be considered a limitation. The lack of repeated measures of intake renders distributions with variances that include the day-to-day variability. The fact that significant differences were found despite the use of inflated variances provides reassurance regarding the validity of our conclusions about the observed differences. Moreover, the 24 h-recall was conducted in a large sample of children on different days of the week, allowing us to generate more accurate estimates of average nutritional intake (25) . There are no reasons to suspect biases in these estimations. Few studies have evaluated the effect of conditional cash transfer programs on the dietary intake of young children (26, 27) . We expected the program to have an impact on the beneficiary childrenÕs regular dietary intake (i.e., excluding the intake of the fortified food supplement) due to the increased household expenditure on high-quality, micronutrient-dense foods (28, 29) . Oportunidades was found to increase food consumption and expenditure in beneficiary households enrolled in the program for 1 y by 14 and 11%, respectively, compared with the CG; this increase was due to a higher expenditure on fruits, vegetables, and animal products (28) . Although it might seem logical that the better household diet would translate into better childrenÕs diets, we did not find effects or only minor effects on dietary quantity or quality of the program aside from those attributable to the food supplement. Excluding the children who consumed the supplement, household participation in the program was associated only with a slightly higher intake of zinc (0.3 mg; P < 0.05) in the younger children compared to 9.2 mg (P < 0.001) of extra zinc intake in the supplement consumers. The modest nutritional effect found in nonconsumers of the food supplement indicates that the intra-household allocation of the additional food acquired as a direct effect of the program did not substantially benefit children between 12 and 59 mo of age. This finding suggests that educational strategies to teach parents how to improve the quality of young childrenÕs diets with the additional resources provided by the program are needed.
Our analysis is one of the few attempts to document the pathways by which Oportunidades has had an impact on child dietary intake. This study starts to fill the gap in knowledge about the mechanisms by which conditional cash transfer programs improve nutrition (6) . The higher consumption of key nutrients among beneficiary children who received the fortified food supplement provides strong evidence that the improvements in dietary intake are attributable to this special food and not to other dietary improvements. Our findings suggest that the fortified food supplement is an important factor in the programÕs documented impact on child linear growth and anemia. In combination with the documented impact on the quality of the household diet, our findings show that the programÕs behavior change communication needs to be strengthened to ensure that dietary improvements at the household are translated into improved child diets. 
